This paper examines the relationship between the exposure to foreign trade and productivity growth for a sample of Indian manufacturing firms. By testing a catching up model of productivity growth, it finds a non linear relationship between firms' export share and productivity gains. Productivity growth declines with the share of exports on total sales, up to a threshold ranging between 38 and 48 percent and it increases thereafter. One likely explanation of this finding is that specialising in exports requires investments in technological upgrading. These investments are less likely to be viable for marginal exporters. In fact, firms with a larger than 50 percent share of exports are found to be more capital intensive and to use newer machinery than marginal exporters. In contrast, we find that human capital is not significantly different for different categories of firms.
Introduction
This paper examines the relationship between export intensity and productivity gains for a sample of manufacturing firms in India. India provides an interesting case to this purpose. Since 1991, this country has moved from being a highly regulated and closed economy into liberalising its trade, with a substantial reduction of import tariffs and the abolition of export controls and subsidies. Exports of manufacturing products have been growing since, mostly in labour intensive sectors like textiles and clothing, but also in some high tech sectors like drugs and pharmaceutical products.
Contrary to what has generally been found for most developing countries (Epifani, 2002 , Tybout, 2001 , there is conflicting evidence on trade induced productivity gains for India. Srinivasan (2001) reports of much restructuring following liberalisation, essentially induced by a reduction of price distortions. This reallocation of resources, coupled with a moderate growth in real product wages induced a growth in output of 9.1 percent a year and of employment of 2.9 percent a year in the Nineties. Yet, although there is evidence that these changes trickled down into aggregate gains in efficiency and productivity (IMF, 2000) , firm level studies have contradictory results. Parameswarn (2000) finds that technical efficiency declined after liberalisation in a sample of 640 firms analysed between 1989 and 1998. Similarly, Balakrishnan et al. (2000) find a 1 percent fall in the annual rate of productivity growth after liberalisation. In contrast, Krishan and Mitra (1998) find evidence of an increasing growth rate of productivity between 1991 and 1993 and Chnad and Sen (2002 find a positive impact on productivity of trade liberalisation measures adopted in the Eighties.
Recent works provide good arguments supporting this ambiguous outcome. The first one rests on firms' heterogeneity. Melitz (2003) shows that if firms are heterogeneous, increased competition following liberalisation compresses mark ups and pushes the least competitive firms out of the market. As for exporting, this entices higher fixed and operating costs and likely productivity gains in the longer term. Thus, exporters do not always and necessarily recover the higher costs of their exporting activities and could end up being less productive than non exporters. A now wide empirical literature provides robust evidence on the trade off between the cost of exporting and the likely productivity gains arising from foreign activities (Clerides, Lach and Tybout, 1998 , Bernard and Jensen, 1999 , Aw, Chung and Roberts, 2000 . This trade off could generate a non-linear relationship between export intensity and productivity. Melitz (2003) shows that negative net profits from exporting are more likely the smaller the share of output exported. If this is the case, it is important to analyse firms focussing on their export share, rather than on their dichotomous exporting status. Out of our knowledge, Parameswarn, (2000) is the only available study on India relating productivity to the export share at the firm level. Indeed, he finds that the level of technical efficiency is higher the larger the export share, but he does not address non linearities.
A second reason is related to the overall institutional environment in which firms operate. Dollar, Iarossi and Mengistae (2002) show that the investment climate, a synthetic index encompassing infrastructure and regulatory regimes, is far from homogeneous across Indian States. They find that firms are more productive in states with a good investment climate. The overall regulatory and infrastructural environment also affects the relationship between trade liberalisation and performance. Aghion, Burgess, Redding and Zilibotti, 2003 find that firms react more swiftly to changes in incentives following trade liberalisation in 1991 the more liberal is the state's labour market regime. This paper deals with the first issue and controls for the second one. It estimates a catching up model of TFP growth, for a sample of manufacturing firms and it carefully explores the relationship between export share and growth. Consistently with the predictions of Melitz (2003) , it finds that the export share has a non linear relationship with efficiency:
TFP growth declines with export, up to a threshold export share which is on average around 40 percent. It then rises, with further increases in the export share.
Our results are robust to the inclusion of variables measuring the investment climate of the state where the firm is based, although we do not explicitly explore the effect of the investment climate on the growth/export relationship.
This work uses data from a firm-level survey collected by the Development Research Group-Macro Team of the World Bank jointly with the Confederation of Indian Industries (CII) and the Indian Council for Research on International Foreign Relations. The sample is a cross section.The data base contains detailed information on characteristics of successful exporters compared to those of other firms. Particularly interesting is the analysis of the inputs used in production. Competing hypothesis apply. On the one hand, firms faced with international competition have to operate within higher 'technological windows' than firms operating in protected markets, (Sutton, 2000) . Indeed, Parameswarn (2000) and Hasan (2002) find that more advanced imported technologies and inputs are an important source of efficiency for exporting Indian firms. This argument is also in line with the Feenstra-Hanson, 1996's result that export oriented firms are generally more human and technical capital intensive than firms catering the domestic market. On the other hand, particularly in large and formerly protected markets with abundant cheap labour, exporters could efficiently specialise in products intensive in the use of labour at the lower end of the skill range. According to Srinivasan, 2001 , in Indian manufacturing, the elasticity of employment to output increased considerably since liberalisation (Srinivasan, 2001 ).
We find mixed evidence on this issue. By estimating the export premium for the technology/skill intensity of a set of inputs, we find that firms with a large share of exports use newer machines, more capital intensive technologies and more imported inputs, but we find no difference in the relative skill intensity of the workforce. In other words, large exporters are more 'technology' intensive, but not more human capital intensive. Still, successful exporters must invest in new technologies and thus face fixed costs of entry and higher operative costs. These higher costs get not compensated in firms which export a relatively limited share of their output.
We should highlight a few caveats to our results. First, our analysis is a cross section, thus nothing can be inferred on the causal link between the export share and productivity growth. Thus, our results have a mere descriptive value. Moreover, they can be affected by events specific to the year considered. Our data refer to 1998-99, the year after the Asian crisis that has likely affected the export performance of Indian firms. Second, although we control for state specific features (the investment climate) and sector specific features, our results could be partly driven by institutional factors, like labour market regulations, that we are unable to fully control for. This paper is structured as follows. In the next section we describe the data set and provide descriptive statistics on the sample and performance measures. In section 3 we derive the catching up model and in section 4 we test it. In section five we discuss likely explanations for the pattern observed, specifically the technological features of different types of firms. Section six concludes.
Data and Total Factor Productivity
The data set used in this paper is based on firm-level survey information collected by the Relations. The data collected refer to 895 firms operating in the manufacturing sector. 1 For each firm information is plant-based (that is, only one plant belonging to each firm is considered, even if the survey covers multi-plant firms) and it typically covers outputs and inputs, production costs, labour and human resources, trade intensity, investment, technology and R&D expenditures. Nearly all the data on establishments' characteristics and performance refer to the year 1999, although in some instances (e.g. sales, input purchases and labour) firms were asked to provide information also for 1998 and 1997.
1 These manufacturing firms belong to 5 sectors: Garments, Textiles, Drugs and Pharmaceutical, Electronic Consumer Goods and Electric White Goods Table 1 reports the number of firms in our sample distributed by exporting status and sector.
Exporting firms constitute about 50% of our sample and they are mostly concentrated in Garments, Textiles and Drugs & Pharmaceutical sectors. Notes: a) The firms considered are those for which data on export and sales are available. b) Exporters are those firms with a positive ratio of total exports to total sales. Table 2 reports average size of exporters and non exporters, as measured by the number of employees. Exporters are larger than the average firm in the sample. This pattern is consistent across sectors. 
Export Share
As argued in the introduction we are interested in the export intensity. The average export share is 35% for the whole sample and more than 60% for exporters. In Figure 1 we report the distribution of firms according to their export share, as proxied by Kernel density estimates. The distribution appears to be bi-modal, indicating that firms tend to export either most of their production or only a little portion of it, thus suggesting that there is a sort of specialisation towards either foreign or domestic markets.
It is useful to examine how this distribution reflects sectoral patterns. These are reported in Figure 2 for textile, garments and pharmaceutical, those for which we have enough observations to warrant sector specific analysis. Textile mimics the overall sample: firms either export very little or one hundred per cent of their sales. Most of Garment exporters are fully specialised. Finally, few Drugs and Pharmaceutical firms are one hundred percent exporters and many export a small share of their production. These patterns could partly be due to institutional factors. For example production of some garment and textile products has been restricted to small firms till 1997. Since then, larger firms (investments of at least $750,000) are allowed to enter if they export at least 50 or 75 percent of their output (depending on their size). Still, the sample includes many small scale firms, the export share of which is unconstrained by policy and often very large. Sectoral dummies in our estimations will control for sector specific institutional factors. This diversity of patterns supports our strategy of focussing on the export share, rather than on their dichotomous export status (exporter vs. non exporter). 
Total Factor Productivity
There are various measures of performance, the typical one being labour productivity.
The limitations of this variable for the purpose at hand are well-known; nevertheless it is frequently employed because of limited data availability. Our data set is includes information on fixed as well as human capital, thus allowing the computation of the most suited measure of a firm's economic performance, its total factor productivity (TFP).
To compute TFP it is necessary to have suitable measures of output and factor inputs as well as measures of partial output elasticities of inputs. However, the latter are not directly observable and a standard choice in the literature is to assume them to be equal to income shares, given that the labour share can be easily computed from national as well as company accounts. This corresponds to making a few assumptions, most importantly that the product and input markets are perfectly competitive. Furthermore, it is often assumed that elasticities are constant across the whole period of observation (implicitly making the assumption of unit elasticity of substitution between factors) and equal to the observed average. 2 An alternative for the measurement of partial output elasticity is to estimate them econometrically from production functions, the most popular choice being the Cobb-Douglas. This avoids assuming a relationship between partial output elasticities and income shares. However direct estimation raises a number of econometric issues that put into question the robustness of the results. 3 It turns out that in the case of the Cobb-Douglas the output elasticities of inputs coincide with the factor shares. Moreover, under the assumption of constant returns to scale, only one input share needs be computed. Starting with a standard production function for firm i in sector j at time t we have: . Substituting into (1) yields a production function for gross output:
where A denotes the state of technology under the assumption of Hicks-neutral technical progress. Taking F(.) to be Cobb-Douglas, under constant returns to scale we get that the rate of growth of Total Factor Productivity is given by:
where S LC / = α , LC being the firm's labour costs.
Measurement issues related to inputs and outputs are also important. Concerning the labour input, what counts for productivity analysis is not the number of workers but the number of effectively worked hours. Moreover, both labour and capital inputs tend to increase their quality over time and the use of quality adjusted indices makes the interpretation of resulting TFP estimates more straightforward. In the case of labour, the labour composition in terms of skills or educational attainment is relevant. In the case of capital, quantities and prices should be adjusted for changes in quality, for example through hedonic price methods in cases where both quality and volumes are changing rapidly. Measures of both levels and growth rates of TFP can also be sensitive to aggregation methods. This may be the case particularly when quantities and user costs of some disaggregated inputs evolve along different patterns from those of the corresponding aggregate input, for example, when quality improvements in some particular capital inputs (such as ICT) are faster than those in others.
Like the vast majority of firm-level data, we cannot adjust the capital stock for quality changes. However, a nice feature of our data set is that we can disaggregate the labour input by skill and distinguish white and blue collar workers. For these two categories we have both employment levels and separate compensation data. In addition, we have information on hours worked by each labour category. We can therefore improve upon the definition of TFP growth in (3) and write:
where w and b denote white (skilled) and blue (unskilled) collar worker hours. 4 Finally, it ought to be clear from the cross-section nature of our data set that t = 1999, i.e. it is a single point in time. We will compute the rate of change of a firm's TFP between 1998 and 1999 both for the entire sample and for individual sectors.
The inspection of productivity statistics presented in Table 3 shows how the subset of non-exporting firms has the highest rate of growth of total factor productivity. On the other hand, exporting firms have the highest level of TFP in 1998. The comparison between exporters and non exporters is not clear cut when we consider both TFP growth and TFP levels. On average exporters are more productive, but their productivity grows at a slower pace. Thus, we may likely presume the existence of some sort of convergence process we need to control for, if we want to isolate the relationship between productivity growth and exporting. We do so in the following section by developing a catching up model.
Exporting and the Catching Up Model
What drives the growth rate of total factor productivity of Indian firms? Following recent developments in empirical growth analysis at both the aggregate and the firm level (Scarpetta, Hemmings, Tressel, and Woo, 2002; , Griffith, Redding, and Van Reenen, 2000 , Griffith Redding and Simpson, 2002 , Cameron, Proudman and Redding, 2003 , we consider a multifactor productivity equation derived from a production function in which technological progress is a function of industry/firm specific factors, as well as a catchup term that measures the distance from the technological frontier 5 . This framework allows us to test for the direct relationship between export intensity and productivity growth, as well as for the indirect one, i.e. how the catching up process changes with export intensity.
Specifically, the conventional endogenous growth model, where TFP is generally expressed as a function of knowledge and a residual set of influences (Aghion and Howitt, 1992) , is extended by assuming that, within each industry, the level of firm efficiency depends on industry and firm characteristics, as well as on the technological and organisational transfer from a leader (L). The leader is the frontier firm in the industry, the one with the highest TFP, which we assume outside our sample, in another country than India. This representation implies that TFP growth in the frontier firm leads to faster TFP growth in followers by widening the production possibility set. In addition, it is assumed that, in each industry, the firm's distance from the technological leader measures the scope for technological transfer.
From the discussion in the previous sections, we assume that certain indicators of firm characteristics, in particular those related to the export activity, affect the rate of growth of TFP of the Indian firm (6) both directly and through the rate of technology transfer from the frontier firms. Supposing linearity this amounts to write the following:
where Z ijt is a vector of firm and sectoral indicators, which include the firm's export share, f i , g j , and d t are unobserved firm, industry, and time effects. Finally, ε ijt is a serially uncorrelated error term.
In the present case only a cross section of individual firm data for 1999 is available. Thus, there is no time dimension in our model. Writing (6) adapted to the present case, taking into account (7) and (8), amounts to the following: Clearly, as there is no time dimension in the data, TFP levels for the leader firm are single numbers and they are absorbed into the intercept term. Therefore we can rewrite (9) (10) it is clear that the coefficient of the TFP gap term, θ 1 , measures the speed of (conditional) convergence to the long-run steady state level of TFP. Moreover, in the presence of technological convergence, the technological distance between each country/industry and the leader converges to a constant value. This implies that the vector of covariates as well as the firm and industry fixed effects translate only into differences in TFP levels, and not into permanent differences in growth rates of TFP.
Empirical Results of the Catching up model
The catch-up model (10) was estimated using standard OLS with heteroskedasticity robust standard errors. All estimations are carried out controlling for sector and size category. The results are presented in Table 4 .
We report different specifications of the model. The first one is our baseline and it only includes the export share variable. This enters both directly and interacted with the catching up factor, lagged TFP. To control for non linearity we also include the square of the export share. Specifications (B) and (C) include other firm specific variables that might affect TFP growth: age of machinery, export experience and the share of foreign ownership. We have argued earlier that the overall institutional framework varies widely across states. To control for this factor, specifications (D), (E) and (F) replicate the first three ones including a variable, which is a synthetic index of the investment climate of the state where the firm is located. This variable is derived from Confederation of Indian Industry and World Bank, 2002 and Dollar, Iarossi and Mengistae, 2002 . All variables are described in the appendix.
First, note that the coefficient of lagged TFP is always negative, besides for regression (A). We cannot however conclude that there is catching up, as we also need to take into account the coefficients of the interacted terms. The computation of the convergence rate is reported in table 5, which will be discussed below. Let us first focus on the export share. The results indicate a significant direct effect on productivity and, if the interaction of the export share with the technology gap is considered, an indirect effect. It turns out that the export share affects TFP growth and convergence in a non-linear way. Indeed, when not interacted with the technology gap, the linear term enters negatively in the regression, whereas the square term enters positively. The opposite occurs when export shares are interacted with total factor productivity. Note that these results are robust to the inclusion of various controls. They are also robust when we control for the investment climate, which in itself is rarely significant. We also controlled for the degree of exposure to foreign competition of non exporters, as import competition can also be an important factor behind productivity gains.
Also in this case (not reported) the results on the export share are robust. Notes: a) Dependent variable: growth rate of TFP between 1998 and 1999. For the precise definition of the regressors see Appendix 1. b) Absolute value of t-statistics in parentheses. Standard errors are White-corrected in presence of heteroskedasticity. c) Single, double, and triple asterisks denote statistical significant at 0,1, 0,05, and 0,01 confidence levels respectively. d) All estimation runs have been done controlling for sector and firm size. Size is defined by means of three dummies taking on the value of 1 if the total number of employees is, respectively, less than 50, greater than 50 and smaller than 200, and larger than 200. e) Specification F test under the null that all the coefficients are jointly equal to zero. f) F-test under the null that coeff on "Export Share square 1999 " and on "LnTFP 1998 *Export Share Square 1999 " are jointly equal to zero Little can be gauged on the role of export shares by just looking at these estimations, as we need to jointly take into account the direct and the interacted effects of both the linear and the square measures of the export share. We are interested in understanding the nature of the non-liner relationship between the export share and productivity growth. In Table 5 we explore these relationships. In the first column we compute the convergence rate and we indeed find that there is catching up. The last two columns of the table explore the non linear relationship between the export share and the rate of change of total factor productivity. The relationship between the export share and TFP growth is convex. It exhibits a U-shape with a turning point between 37 and 47 percent, depending on the estimations. Notes: a) The convergence rate is computed by taking the derivative of the dependent variable (TFP growth) in expression (10) with respect to the log of lagged TFP. b) This critical level is obtained by setting equal to zero the derivative of the dependent variable (TFP growth) in expression (10) with respect to export share and solving for the export share. In parentheses the t-value for the test on the non-linear combination of the parameters with H 0 : Rb=0 and triple asterisks denote statistical significant at 0,01 confidence level. c) The curvature is the second derivative of TFP growth with respect to the export share. d) All computed values are averaged across firms. e) Single, double, and triple asterisks denote statistical significant at 0,1, 0,05, and 0,01 confidence levels respectively.
The understanding of the factors behind the U shaped relationship is not straightforward and we will discuss this in the coming section.
What is behind the U shaped relationship between efficiency and exports?
The obvious intuitive explanation for the U is that the domestic and the export market are very different, and that only firms specialising in either one or the other can achieve good levels of efficiency. Consider also, that the Indian domestic market is large and therefore competitive, particularly for traditional products like textile and clothing. As argued earlier, theoretical findings on heterogeneity are consistent with our result that marginal exporters (firms exporting a small share of output) are less productive than either national firms or firms exporting a large share of their output. One way of indirectly gauging whether exporting entices some entry costs, is to look if factors of production used by exporters differ from those used by non exporters. In particular, we can control if exporters use more advanced technologies which could entice higher running and fixed costs in the short term and which cannot be offset by marginal exporters. As argued in the introduction earlier studies provide mixed predictions on whether exporting comes along with technological upgrading.
To make things simple, in what follows we test whether there is an export premium for a set of variables measuring human capital, i.e. the composition and the average skill of the labour force; technology, i.e. the average age of the machines used; the exposure to foreign inputs, i.e. the share of inputs imported. The general export premium estimated can be represented as follows:
where S ij is our input variable for firm i, in sector j, Z is a dummy representing the status of the firm, concerning its exposure to foreign competition and f and g are firm and sector dummies respectively. We split the sample into 2 dichotomous groups of firms: i) exporters vs. non exporters; ii) among exporters, those with an export share larger than 50 percent and those with a smaller export share.
Compare exporters and non exporters first. The two variables which differ significantly between these two groups of firms are the age of machinery and the share of imported inputs:
exporting firms use younger machines and are more reliant on imported inputs. Also, we find that exporting firms are more labour intensive (the capital labour ratio is lower) and that there are no differences in what concerns any measure of human capital.
Are these characteristics similar within exporters, or are large exporters different from marginal ones? We now just focus on exporting firms and split them between those exporting more and those less than 50 percent of their output. We find a significant gap in the age of machinery:
large exporters use younger machines. The coefficient is very similar to the one of the comparison between exporters and non exporters, implying that younger machines are mostly concentrated among large exporters. Note also that the capital labour ratio is significantly larger for firms with a large export share. Thus, whereas exporters are more labour intensive than non exporters, among them firms exporting a large share of output are more capital intensive. Large exporters also import a larger share of inputs, though the difference in this latter variable between the two groups is no longer significant and the coefficient is smaller than for exporters vs. non exporters. Also in this case there are no significant differences for what concerns human capital.
Thus, firms with an export share larger than 50 percent, those placed in the upward sloping leg of the U are also those renewing faster their capital and, among exporters, using more capital intensive technologies and still more imported inputs. This implies that marginal exporters, firms with an export share of less than 50 percent were to export more than 50 percent of their output, they would face the fixed costs of moving to more recent and capital intensive technologies. In other words, there are barriers into becoming a specialised exporter.
Surprisingly, this intensity in the use of more advanced technologies, does not reflect in the quality of the labour force, in that human capital does not appear to differ from non or marginal exporters.
Conclusions
This paper examines the relationship between the exposure to foreign trade and productivity growth for a sample of Indian manufacturing firms. The available evidence on trade induced productivity gains is at best mixed for India. Different studies find that technical efficiency and growth decline in the Nineties, following a wide process of trade liberalisation. By testing a catching up model of productivity growth, this paper sheds some light on the nature of the relationship between the exposure to foreign competition and productivity growth. It finds a non linear relationship between firms' export share and productivity gains. Productivity growth declines with the share of exports on total sales, up to a threshold ranging between 38 and 48 per cent and it increases thereafter.
One likely explanation of this finding is that to specialise in exports requires investments in technological upgrading. In fact, firms with a larger than 50 percent share of exports are found to be more capital intensive and to use newer machinery than marginal exporters. Technological upgrading could not be viable for marginal exporters, particularly given that these firms are the least productive in the sample. Note that these results are robust also when we control for broader institutional factors and for whether firms are exposed to import competition in the home market.
